Abstract: Several recent national initiatives have called for increased efforts to integrate social determinants of health (SDH) into health care settings using health information technology (HIT). However, there is limited evidence to guide the implementation of these recommendations in practice. Research is needed to understand what SDH information is most important to collect, how SDH information can be used to inform clinical care and referrals, and ultimately, whether and how integrating SDH screening and action into primary care affects individual and population health. We recently proposed a conceptual framework to illustrate how HIT can be used to bring SDH information into primary care. In this paper, we describe how we are putting this conceptual model into practice within the OCHIN network of community health centers by highlighting examples of ongoing research, identifying knowledge gaps, and outlining a roadmap of future research to move the field forward.
A large body of scientific literature shows that SDH affect morbidity and mortality across the life course; some estimates suggest that up to 60% of preventable deaths are caused by modifiable SDH factors. 2 Research also shows that SDH are critical drivers of persistent health inequities.
Several recent national initiatives have called for increased efforts to integrate SDH into health care settings using health information technology (HIT). [3] [4] [5] [6] [7] In 2014, a National Academy of Medicine (formerly the Institute of Medicine) panel of experts recommended standardized documentation of a set of SDH domains in electronic health records (EHRs). 3 The Medicare Access & Children's Health Insurance Program Reauthorization Act of 2015 (MACRA), the Centers for Medicare and Medicaid Services (CMS) 2016 National Quality Strategy, and the Office of the National Coordinator for Health Information Technology also emphasize the importance of health care providers identifying and addressing patients' SDH-related needs, and using EHRs to support these efforts. [4] [5] [6] Moreover, as part of their Accountable Healthcare Communities Model, CMS recently developed a 10-item screening tool for use in the clinical setting that identifies patient needs in five SDH domains that can be addressed by community services. 7 Primary care is uniquely positioned to identify and address SDH. [8] [9] [10] [11] Integrating the collection of SDH data into primary care could enable providers to take into account a broader array of factors that influence health and may facilitate referrals to resources that can help to address identified needs. National health care organizations and initiatives, such as those highlighted above, have taken the first step of recognizing the importance of addressing SDH and identifying priority SDH domains to capture in EHRs. However, there is limited evidence to guide the implementation of these recommendations in practice. Research is needed to understand who should be screened for SDH needs and which domains are the most important to focus on, barriers and facilitators to collecting this information in clinical settings, how SDH information can be used to inform clinical care and referrals, and ultimately, whether and how integrating SDH screening and action into primary care affects individual and population health. [12] [13] [14] [15] We recently introduced a conceptual framework outlining ways that HIT could be used to identify and address SDH in primary care. This follow-up paper describes how we are applying our framework to guide a body of primary care research within the OCHIN* network of community health centers (CHCs) and identifies knowledge gaps and areas of future research needed to move the field forward.
Developing a Strategic Portfolio of SDH Research in the OCHIN Community Laboratory
Originally known as the Oregon Community Health Information Network, then just OCHIN as other states joined, OCHIN is a non-profit health center-controlled network that hosts and manages an Epic© EHR for 440 primary care CHCs, with over 6,300 providers serving more than 714,000 adult patients across 18 states-united by a single EHR with one master patient index. [16] [17] As the nation's largest CHC network on a single EHR, OCHIN pioneered EHR tool development in CHCs, hosts a centrally managed EHR * OCHIN is not an acronym, but was once. research data warehouse, and has a strong research infrastructure and a record of participating in projects funded by multiple federal agencies. With 22 active research studies, OCHIN is committed to building the nation's foremost community laboratory for health outcomes, policy, and primary care research with vulnerable and underserved populations. Current and past studies use the OCHIN community laboratory to understand health disparities, evaluate the impact of changes in policy and practice on health outcomes, develop and test practice-based HIT interventions, and understand the barriers and facilitators to the dissemination and implementation of evidence-based strategies. [17] [18] [19] [20] [21] We developed our conceptual framework ( Figure 1 ) as a roadmap to guide the strategic development of an SDH-related research portfolio at OCHIN. 8 A key feature of our framework is the integration of two types of SDH data into clinical care: patient-reported SDH data collected from individuals at the point of care (e.g., information on food security, housing status, household income) and geocoded community-level SDH data from publicly available sources (median household income in a given geographic area, availability of fresh foods, or accessibility of safe recreation spaces). 22 The framework traces the path of these data through the clinical workflow, providing the scaffolding of a research agenda that addresses: collecting and organizing patient-reported and community-level SDH data (step 1); presenting and integrating SDH data into primary care workflows (step 2); and developing clinical decision support (CDS) systems that trigger automated support and action based on SDH data, such as suggestions for adapting clinical care or treatment plans and/or providing referrals to community resources to address identified SDH needs (step 3). In addition to developing approaches for integrating SDH into primary care, we identified a fourth step of evaluating the impact of these efforts on the triple aim 23 of enhancing patient and health care provider experiences, improving population health, and reducing costs (step 4). Using the framework as a guide, we outlined key implementation questions that could be targeted for future research (see Box 1).
Our portfolio of research projects is designed to address key implementation questions within this framework. Current projects are focused primarily on developing and testing HIT approaches for integrating SDH information into primary care (steps [1] [2] [3] and address the integration and use of both patient-reported and community-level SDH data (see Box 2 for a details on current projects). For example, building on the NAM's recommendations for integrating SDH into EHRs, we worked collaboratively with OCHIN stakeholders to develop and pilot test EHR-based SDH screening tools for documenting patient-reported SDH information and summarizing areas of identified need (Act on Social Determinants Using EHR Tools in Safety Net Settings, or ASSESS). The EHR-based SDH screening tools-which include a flow-sheet with the SDH questions, a summary tool highlighting areas of identified need, and an optional patient portal survey that can be sent to patients prior to a visit-were made available to all OCHIN clinics in June 2016. Our research team used a mixed-methods approach, including qualitative interviews and site visits, to evaluate the feasibility and acceptability of using these tools in three pilot CHC sites. 24 As an extension of this work, in September 2017 we received funding for a subsequent project (Approaches to CHC Implementation of SDH Data Collection and Action, or ASCEND) to study the implementation of the EHR-based SDH tools across OCHIN's national network of CHCs, understand barriers and facilitators associated 
CONCEPTUAL FRAMEWORK FOR USING HEALTH INFORMATION TECHNOLOGY TO INTEGRATE SDH INTO PRIMARY CARE: KNOWLEDGE GAPS AND AREAS FOR FUTURE RESEARCH
Step in framework Knowledge Gaps: Areas for future research
Step 1. Collect and Organize Patientreported and Community-level SDH Data.
(i) Understand the information needs of care teams and which patient-reported SDH are most important to collect in primary care settings; (ii) Assess how patients feel about having this information collected in a clinical setting and included in their EHR; (iii) Assess how providers feel about integrating the collection of these data into primary care workflows; (iv) Identify the most effective workflows to facilitate the collection of patient-reported SDH information; (v) Understand whether tools such as patient EHR portals, tablets, or other technologies can be leveraged to enable patients to self-report their SDH needs; (vi) Understand how primary care practices can obtain and integrate data on patients' community-level SDH data into EHRs; (vii) Identify which community-level SDH are most relevant to patient health and most important to include in EHRs.
Step 2. Present and integrate SDH data into primary care workflows.
(i) Develop EHR-based tools for presenting and summarizing patient-reported SDH information; (ii) Assess whether, how, and where to present communitylevel data in EHRs; (iii) Identify where in the workflow these data are available and who on the primary care team should have access to this information; (iv) Determine whether and how primary care teams can and should use information on patient-reported or community-level SDH data to inform clinical decisionmaking; (v) Determine whether and how primary care teams should use information on patient-level SDH needs to prompt referrals to community resources; (vi) Understand whether and how community-level SDH data are useful for identifying high risk patients and/or informing panel management and community outreach efforts.
(continued on p. 954)
Step (i) Evaluate the impact of addressing patient-reported and/ or community-level SDH within a primary care setting on specific health outcomes (e.g., improvements in diabetes management or care); (ii) Understand whether or how integrating SDH into primary care affects patient and provider experiences of care; (iii) Understand how primary care practices weigh the costs of collecting and acting on patient-reported and/or community-level SDH against the benefits to patient and population health; (iv) Assess the utility of patient-reported and/or community-level SDH data for risk adjustment and value based payment; (v) Integrate patient-reported and/or community-level SDH data into risk prediction and health care utilization models; (vi) Understand how SDH data collected in primary care settings could be used to identify gaps in needed local resources and trigger policy and advocacy.
Box 1. (continued)
with implementing the changes needed to collect and act on SDH data, and evaluate the effectiveness of a set of scalable, pragmatic implementation strategies designed to support SDH-related practice changes. Other projects that are planned and under review would examine patient and provider perspectives on the collection of SDH information in clinical settings and evaluate the utility and effectiveness of using tablets and other new HIT approaches for collecting patient-reported SDH data. Also included in our current portfolio are studies that focus on the use of HIT to facilitate care coordination and insurance continuity for vulnerable populations. For Box 2.
PORTFOLIO OF SDH RESEARCH PROJECTS IN THE OCHIN COMMUNITY LABORATORY Project Summary
Step Step 1: (vii) Identify which communitylevel SDH are most relevant to patient health and most important to include in EHRs.
Step 4: (v) Integrate patient-reported and/or community-level SDH data into risk prediction and health care utilization models; (vi) Understand how SDH data collected in primary care settings could be used to identify gaps in needed local resources and trigger policy and advocacy.
(continued on p. 959)
Box 2. (continued) Project Summary
Step in framework / Knowledge gap Step 1: (vii) Identify which communitylevel SDH are most relevant to patient health and most important to include in EHRs.
Step 2: (iv) Determine whether and how primary care teams can and should use information on patient-reported or community-level SDH data to inform clinical decision-making.
b Organization that received the grant award
Box 2. (continued)
Promotion, or CATCH-UP) is evaluating the utility and effectiveness of leveraging the EHR as a way for clinics to help improve insurance coverage and continuity, an important SDH, for their patient population. In response to needs identified by CHC staff, researchers worked with CHC stakeholders to develop an EHR-based tool that would flag uninsured patients who were eligible for coverage or alert front desk staff of an approaching insurance lapse. 25 The CATCH-UP study is evaluating the effectiveness of this tool in 23 OCHIN clinics, by measuring the impact on rates of insurance coverage and utilization of cancer screening and prevention services.
In addition to understanding how to collect and use patient-reported SDH data, we are exploring how best to leverage publicly available data on community-level SDH data to provide additional context on the neighborhoods where our patients live. The Accelerating Data Value across a National Community Health Center Network (ADVANCE) clinical data research network (CDRN), led by OCHIN, was one of 13 CDRNs funded by the by the Patient Centered Outcomes Research Institute (PCORI) to build capacity for using data routinely collected in health care settings for clinical research. 21 Per the recommendation of our stakeholders, we utilized a portion of this infrastructure funding to integrate a set of community-level SDH (geocoded at the county, ZIP Code Tabulation Area, and census tract level) with patient-level clinical data in our research data warehouse, using information on patient address. 22 Leveraging this unique data resource, we received additional PCORI funding to assess whether community-level SDH factors contribute to variation in health care utilization and/or measures of clinic-level quality and performance (The Impact of Patient Complexity on Healthcare Performance, or Patient Complexity). In this project, we are investigating whether incorporating information on the social, economic and environmental characteristics of the neighborhoods where patients live into traditional quality of care metrics helps to explain variation in outcomes across settings. Despite the large body of research demonstrating the impact of SDH on health, clinical quality metrics typically emphasize disease specific, clinical outcomes and do not include SDH factors. Bringing together community-level SDH and clinical data in this way could provide health systems with additional information to organize and mobilize the resources needed to care for and improve the health of the populations they serve. This approach could also inform clinical quality measures and risk adjustment, especially as models of value-based reimbursement gain more prominence in the health care landscape.
We are also exploring approaches for incorporating community-level SDH data into EHR interfaces for use in panel management or at the point of care (Integrating Public Health Data into Primary Care Using Innovative Approaches, or Enhance Care). As described above, efforts to collect SDH information from individual patients require workflow changes and considerable effort on the part of clinics. On the other hand, information on the community-level SDH providing context on the neighborhoods where these patients live is available from public sources and could be integrated into EHRs so that the care team has information on a patient's community vital signs, alongside their clinical vital signs, at their fingertips. 22 In additional to providing valuable context on the factors that shape the health of individual patients, bringing community-level SDH information into the EHR could also inform efforts to identify critical needs in the community and/or target outreach efforts to particularly vulnerable sub-populations. Despite this promise, many questions remain about how to utilize community-level SDH data within primary care as well as the relative value of community vs. patient-level SDH information in a clinical setting. Future studies will continue to explore which community-level SDH are most important to consider as well as the best approaches for presenting community vital signs information within EHRs.
Conclusions and Next Steps
Emergent community laboratories [16] [17] [18] [19] [20] [21] provide new opportunities for conducting pragmatic research that could lead to substantial advances in building the processes and infrastructure needed for primary care settings to obtain and use SDH data. This paper outlines a research agenda (Box 1) to inform implementation of EHR-based tools and other HIT that include patient-reported and community-level SDH. As shown in Box 2, we have started to implement studies in the OCHIN community laboratory that address key components of this agenda.
Studies to date focus primarily on developing and testing approaches for integrating SDH using HIT (steps 1-3 of the framework). As outlined in Box 1, steps 1-3 of the framework focus on the process of collecting and organizing, presenting and integrating, and taking action to address identified SDH needs through referrals to community services, CDS, patient engagement, or care coordination. There are numerous questions across this span of activities that warrant continued research, including understanding the relationship between patient-reported and community-level SDH (and the relative value of including each in EHRs), whether and how care teams should use SDH data to inform clinical decision-making and/or target referrals to community resources, what workflows and staffing structures are needed to ensure successful integration of SDH into primary care, and how best to utilize HIT and EHRs to facilitate these efforts. Building on the studies described above, we will continue to move this body of science forward within the OCHIN network and through partnerships with other institutions and research networks.
Beyond these important questions of process and implementation, an integral area for future research will be to assess the impact of integrating SDH into primary care on the triple aim 23 of enhancing patient experience of care, improving population health, and reducing costs (step 4 of the framework). It is essential that we evaluate the impact of integrating new initiatives to implement SDH screening in health care settings and the effectiveness of different mechanisms for taking action to address identified SDH needs. Towards this end, a critical next step is to develop a common framework for evaluating the impact of interventions to identify and address SDH in health settings, including primary care. The Social Interventions Research and Evaluation Network (SIREN), an inter-disciplinary group of practitioners and researchers, was formed recently to do just that. 26 This group is working collaboratively to develop a conceptual framework that defines the boundaries, inputs, and outcomes of interventions to address SDH within the health care setting, with the goal of guiding future research and informing our collective efforts to improve the health of our patients. In sum, although there is a large body of literature documenting the relationship between SDH and health, future research is needed to understand whether and how to integrate identification of and action to address SDH into health care settings and to evaluate the impact of interventions. A stronger evidence base in this area will inform decision-making and best practices, and contribute to the effectiveness and sustainability of efforts to address SDH within the health care setting.
